INTRODUCTION
Upflow Anaerobic Filters (UAF) was first described in 1969 by Young McCarthy. These systems have been extensively improved since then and have been used effectively for the treatment of a variety of industrial wastewaters (Speece 1983; Bonastre and Paris 1989; Young and Young, 1991) , especially for high strength wastewaters (Wilkie and Colleran 1989; Mendez et a!. 1989 ).
While UAF can handle high organic loadings (Weiland and Rozzi 1991; Young 1991) , its main drawback is the presence of dead zones and channeling (Iza et al. 1991; Weiland and Rozzi 1991 ) . These problems are associated with the accumulation of solids within the reactor. The presence of packing material in the reactor is an obstacle to mixing and causes large amounts of suspended solids to be trapped in the lower pat1 of the reactor, where mixing due to gas evolution is quite poor (Tilche and Vieira 1991) . Clogging problems increase when the reactors are operated at high organic loading rates (OLRs). Moreover, the different trophic groups playing an important role in the anaerobic bioconversion of complex substrates develop in different parts of the UAF. Therefore, the hydrolytic, acetogenic and methanogenic activities are stratified throughout the system. Finally, in the upper pat1 of the UAF, an important fraction of the volume is occupied by the evolved biogas, thus hindering a proper substrate-biomass contact.
The original reactor, developed by Young McCarthy (1969) , was designed typically as a fi xed fi lm UAF with low porosity media, which ultimately resulted in the clogging of the fi lter. This clogging made the operation difficult for longer periods of time. The low porosity media UAF was then replaced with high porosity media UAF, which solved the problem of clogging of the reactor and changed the behavior of the reactor. The treatment has then achieved both suspended as well as attached biomass; however, U AF with high porosity media leads to signifi cantly reduced solids retention time (SRT) in comparison to UAF with low porosity media. For example, the increased biomass wash out rate leads to the loss of valuable biomass. To overcome the problem, a concept of Multimedia UAF has evolved that uses high porosity media in the bottom of the reactor and low porosity media with specific surface area at the remaining upper part of the reactor.
For the present study, higher porosity media (pall rings) was placed in the lower pottion of the reactor having higher specifi c surface area, which provided increased concentration of biomass, attached as well as suspended. The lower porosity media (sea shells) in the upper half of the reactor helped prevent washout of the valuable suspended biomass by trapping it in the nan· owed voids.
Five different scenarios are presented in this study: (I) DM UAF was fed with synthetic glucose as substr ate at a constant organic loading rate to study the performance of DM UAF in tetms of percent COD removal efficiency and compare it with single media UAF. Different arrangements of treating primary treated effluent of Common Effluent Treatment Plant (CETP), Vatva, India operated by The Green Environment Services Co-Operative Society Ltd. using lab scale DM UAF and ozonation were evaluated. Table I describes the inlet and outlet characteristics of CETP waste (as per Environmental Audit report for the period of November 200 I to April 2002 of CETP -Vatva, Gujarat, India) (Pandya, 2006) . Following were the an· angements used in laboratory scale DMUAF and ozonation to treat the CETP waste; (2) DM UAF; (3) Ozonation followed by DM UAF; (4) DM UAF followed by ozonation and (5) Ozonation-DM UAF ozonation. A perforated plate was fixed at the lower most part of the reactor for uniform distribution of inflow. Inclined perforated plates were fixed below the outlet pati for preventing biomass washout. The media used was high porosity pall rings up to 35 em in height and seashell for 70 em in height above the pall rings. The reactor was operated at room temperature and hydraulic retention time was maintained at 18 hours during entire period of operation. A peristaltic pump was used to feed the wastewater into the reactor. The flow was adjusted by setting revolution per minutes (RPM) of pump, which help to provide controlled operational conditions during entire period of operation.
The reactor was statied up by inoculating biomass collected from working Upflow Anaerobic Sludge Blanket UASB of the starch manufacturing industry. The schematic sketch of DM UAF reactor is shown in Figure 2 . Packing media (seashells and pall rings) are shown in Figure 1 . Table 2 indicates physical features of DM UAF (Jain, 2004) . 
START UP OF THE REACTOR
It is very well known that start -up of the anaerobic systems can be relatively long because of the slow growth rate of anaerobic microorganisms. Therefore, in order to allow the biomass to acclimatize, the hydraulic retention time (HRT) used for the statt-up period was slightly longer (i.e., 18 hours). This could indirectly help to increase the SRT of the system by preventing biomass washout and retaining the biomass in the reactor. Accumulation of volatile fatty acids, which can suppress the metabolic activity of methanogens, may be an issue during the start-up phase. This could be effectively resolved through pH control. For an anaerobic system, once the start-up phase is successful, it can be left dormant for extended periods without severe deterioration in biomass properties since it is rather robust. Therefore, it is critical that statt-up be monitored closely.
Bio-acclimatization is necessary in the biological reactor for specified waste. Before applying actual organic loading rate, the inoculums should be selected by considering composition of actual wastewater and its biodegradability. The acclimation periods vary according to the biodegradability of the compound of the wastewater and the growth rate of microorganism required to degrade the target compounds. The sludge from existing anaerobic system is widely used as inoculums material. For present study, sludge from an existing UASB of the starch manufacturing industry is used. During initial period, attempt was made to acclimatize the biomass for primary treated waste by changing the dilution using tap water, which increased its strength by I 0 to 30 percent. The percent dilution, number of run and corresponding inlet COD are presented in Table 3 . Flow is maintained at 15 ml/min. Percent COD change from the fi nal run (run C) is presented in Table 4 and the graphical representation is shown in Figure 3 . Table 4 shows fairly steady state condition of the reactor (i.e., 20 to 30 percent decrease in COD). Evaluating different possibilities to reduce the organic content (COD) using different options:
(1) Synthetic Feed and Comparison with Single Media UAF Once the �· eactor was started, it was fe d with synthetic glucose as substrate at a constant organic load to achieve steady state in terms of COD removal efficiency at four different outlet ports. And as soon as the steady state was achieved, the process performance data were generated by varying the operating conditions to satisfy the objectives of the study.
The DM UAF was filled continuously for 6 months with synthetic glucose, with an upflow velocity of 0.14 m/lu· and Organic Loading Rate (OLR) of 3 -8 kg COD/m 3 -d. Inlet COD ranged fr om 1200-3369 mg/L. Operating synthetic waste with the DM UAF yielded removal efficiency in the range of 88-98 percent in terms of COD. Hydraulic Retention Time (HRT) of the filter was 9.18 hours. Under these test conditions, biosolids accumulation within the reactor was not substantial or affected by the length of operation.
A comparative study was done to verify the performance of DM UAF to the Single Media UAF performance (Table 5) .
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8. (2) Treating CETP Waste using only DM UAF
Once the steady state condition was attained, DM-UAF was fed with diluted primary treated wastewater with COD of 1139 mg/1 to 1667 mg/1 and hydraulic retention time of 18 hours during the entire period to evaluate the possibility of percent COD reduction using DM UAF. The definition sketch of the system is presented in Figure 4 . The results for percent COD decrease are presented in Table 6 and graphically represented in Figure 5 . .5. It is evident from Table 6 and Figure 5 that, using DM-UAF alone, it is possible to achieve the percent COD change from 22 to 27 percent for an inlet COD range of 1139 mg/1 to 1667 mg/1. Ozonation before OM UAF improves biological treatment. It may be due to conversion of refractory organics into biodegradable compounds by breaking non-biodegradable molecules that othetwise would not have been degraded during application of DM UAF only. The biodegradable compounds after pre-ozonation were easily degraded during treatment with DM UAF. Figure 6 shows the definition sketch of the combined application of ozonation and OM UAF.
The results for optimum time required for ozonation are given in Table 7 . The results of percent COD change are tabulated in Table 8 and graphical representation is shown in Figure 7 . It is evident from Table 7 that the optimum time required for pre-ozonation of primary treated wastewater is 12 to 14 minutes for ozone dosing of 0.156 gm/1. It is also evident from Table 8 and Figure 7 that, using ozonation and DM UAF, it is possible to achieve percent COD reduction of 17 to 39 percent for an inlet COD range of 920 mg/1 to 1778 mg/1. That ozonation after DM UAF may lead to breakdown of any remaining refractory organics and further breakdown of degraded organic compounds during application of OM UAF. Figure 8 shows the definition sketch of DM UAF followed by ozonation.
The results for optimum time required for post-ozonation are given in Table 9 . The results of percent COD change are tabulated in Table 10 and graphical representation is shown in Figure 9 . 0  1080  1000  1150 1192  1042  1170  967  2  1135  967  1150 1280  1135  1201  1160  4  960  868  1080 1160  933  1234  880  6  880  760  967  1080  800  1080  760  8  880  835  880  1034  880  840  835  10  900  960  1000  1040  960  840  868  12  920  1120 1040  1040  960  967  -14  920  1120 1160 1067  840  1040  950  16  1360  1350  1160  1120  1000  1040  950  18  -1334  960  1120  1000  1135  950  20 1467 -960 ---- It is evident form Table 9 that the optimum time required for the post-ozonation of DM UAF effluent for COD 967 mg/1 to 1192 mg/1 is 6 to 8 minutes with ozone dosing 0.156 gm/1. It is also evident from Table 10 and Figure 9 that, using DM UAF and ozonation, it is possible to achieve the COD change of 37 to 44 percent for inlet COD in the range of 1250 mg/1 to 1645 mg/l. Ozonation before DM UAF and ozonation of outlet of OM UAF can combine the advantages of pre and post-ozonation. The definition sketch of the combined application of Ozonation-DM UAF -Ozonation is shown in Figure 10 .
The optimum time used for pre-ozonation of primaty treated wastewater and for post-ozonation of effluent of DM UAF was 14 minutes and 6 minutes, respectively. The results for percent COD change for Ozonation-DM UAF -Ozonation are given in Table 11 and graphical representation is depicted in Figure 11 . It is evident from Table 11 and Figure 11 that, using Ozonation -DM UAF -Ozonation, it is possible to achieve the percent COD change of 31 to 45 percent for inlet in the range of COD 950 mg/1 to 1610 mg/ l. So(mg/1)-COD before Pre� Ozonation , S1* (mg/1)-after Pre� Ozonation, S2** (nlgl]) =Outlet COD ofDM-UAF, S1 *** nlgl] = after Post-Ozonation
Summary of the results for options (2), (3), (4) and (5) are presented in Table 12 . 
CONCLUSIONS
The results have shown that DM UAF is a novel type of a reactor that is expected to be as compatible as other anaerobic treatment units for domestic, as well as industrial, ,wastewater with better performance in terms of COD removal efficiency, enhanced gas release (Jain, 2004) , decreased washout rate, improved biomass concentration, and SRT-with rare chances of clogging in the reactor.
The reaction rate kinetics i.e., the reaction rate order (n) and reaction rate constant (K) were found to vary from 0.5 to 0.9 and 10 to 15 (mg!Lt" d-1 (Jain, 2004) , respectively, which shows that the reaction rate kinetics of DM UAF using synthetic glucose follows fractional order.
The continuous gas generation while treating synthetic glucose was observed and measured (i.e., theoretically generated 22 -65 Lid and actually measured 18.52 -55 Lid). This shows that gas generated through anaerobic process can be collected and used as an effective energy source-as a byproduct, which can recover the capital cost of the reactor and cost of the media.
Following conclusions can be drawn fi · om the results obtained for all the options:
